Abstract-Compared to usual driving styles, eco-driving is an ecological driving way aiming to reduce emissions and fuel consumption which has received lots of concerns since its emergence. Many studies have shown that eco-driving does bring environmental benefits for individual vehicles in varying degrees. However, the efficiency of eco-driving in terms of the global view of the traffic flow still remains to be studied due to the interaction between eco-driving vehicles and the ones with normal driving styles. In this study, an eco-driving field experiment was conducted first and driving data was collected. An integrated microscopic simulation platform was built by combining the calibrated VISSIM microscopic simulation model and the fuel consumption model; then the impacts of eco-driving behaviors on the test intersection were analyzed. The before-and-after comparison of the evaluating indicators under different traffic scenarios shows that the effects of eco-driving on the intersection are strongly related to the traffic conditions.
INTRODUCTION
There is a great concern worldwide about reducing fuel consumption and emissions. Evidences show that road transportation is one of the main contributors to the fuel consumption as well as GHG emissions. Road transportation also implies a great potential in reducing emissions and fuel consumption [1] . Recently, a change in driving behaviors to promote fuel efficiency and reduce emissions which is known for "eco-driving" has attracted more and more interests.
Eco-driving includes various driving behaviors and vehicle maintaining measures according to the GOLDEN RULES [2] : "Anticipate Traffic Flow; Maintain a steady speed at low RPM; Shift up early; Check tyre pressures frequently at least once a month and before driving at high speed and consider any extra energy required costs fuel and money". This paper presents a method to analyze the effects of ecodriving in one urban intersection under different traffic scenarios and eco-driving penetration rates. First, we conducted a field experiment in which we obtained driving data for further analysis and model calibration. Then, an integrated microscopic simulation platform was built by combining the calibrated VISSIM microscopic simulation model and a fuel consumption model based on VSP (Vehicle Specific Power). Eco-driving behavior was simulated under different traffic demand and eco-driving penetration rates. At last, we conducted an analysis of different eco-driving scenarios, focusing on fuel consumption and travel time.
II. DATA COLLECTION AND ANALYSIS

A. Experiment
The experiment was conducted during the period from 11 March to 17 April, 2013, in Madrid, Spain. The test vehicle ran through the chosen route 50 times on working days under dry weather condition. The chosen route is urban type and has length of 7.39km. Each trip was driven twice by the same driver: once with normal driving behavior and the second following the "Golden Rules" of eco-driving mentioned above which are also described in the TABLE I. An on-board logging device was used to record second-by-second driving data as well as position coordinates. Then, the driving data within the scope of the selected intersection was extracted from the original database for the following modeling process. The chosen single signalized intersection has four legs with the main street of Avenida de la Reina Victoria running westeast which is excluded for left turn and the branch street of Calle de Orense running north-south. The main street carries a heavy traffic volume of 2400 pcu per hour.
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B. Data Analysis
To verify the effects of adopting eco-driving advice, the pre-analysis of collected data is made. The results are summarized in TABLE II. As shown in the TABLE II, the significant reductions of four indicators related to the eco-driving instructions imply that the eco-driving experiment has a good accordance with the "Golden Rules" above. Furthermore, a great reduction in fuel consumption proves that the eco-driving behavior does bring positive impacts on the individual vehicle.
III. DEVELOPMENT OF MICROSCOPIC SIMULATION MODEL
A. Calibrate of Simulation Model
In order to analyze the effects of eco-driving on the traffic flow, it is impossible to design a field trial involving all the vehicles in the intersection. Traffic simulation model has a clear advantage here allowing users to design different traffic scenarios. In this study, an existing traffic simulation model is chosen and to ensure the accordance of simulation results and real world data, the calibration of key parameters is conducted. This step also defines eco-driving behavior in terms of fuel consumption results avoiding the complexity of design car following rules in the micro level.
Due to the research scope of intersection in this study, a microscopic traffic model needs to be chosen. VISSIM is considered to have more detailed traffic control with a microscopic model based on drivers' behaviors and time-step analysis. However, the simulation with default parameters shows that there are big differences between real world measurements and simulation results. Thus, the calibration of simulation model according to the real measured data is done first to make sure the simulation results could reflect real traffic situation as far as possible.
The calibration parameters in VISSIM can be divided into car-following parameters, lane-change parameters, simulation resolution and desired speed distribution [8] . To narrow the range of calibration, some parameters which have no significant impacts on fuel consumption should be excluded.
According to Li's research [9] , the desired speed and acceleration are defined as distributions rather than a fixed value, so they need to be calibrated first. Then, a sensitivity analysis of other parameters is carried out to identify those have significant impacts on fuel consumption. The ANOVA result is as follow: From above, only additive part and multiple part of desired safety distance are recognized to have strong impacts on fuel consumption and they are selected as the parameters to be calibrated. The calibration results are as follows: 
B. Establish of Fuel Consumption Model
In order to analyze the impacts, especially the environmental impacts of eco-driving strategy on the intersection, we built an integrated microscopic simulation platform by integrating the VISSIM microscopic simulation model and fuel consumption model based on Vehicle Specific Power (VSP). VSP is defined as the instantaneous power per unit mass of the vehicle. It is the key factor reflecting the impacts on vehicle fuel consumption. The second-by-second VSP value can be calculated by the following simplified function for light-duty gasoline vehicles [13] 
where p is the total number of VSP Bins.
IV. ANALYSIS OF ECO-DRIVING IMPACTS UNDER DIFFERENT SCENARIOS
The impacts of eco-driving under different scenarios are discussed in this section. The scenarios with respect to a variety traffic conditions on roads are categorized as following:
(a) Different traffic demand: This aims to determine the performances of eco-driving under various traffic conditions. The flow rates per lane tested here are: 400 vehicles per hour, 600 vehicles per hour and 800 vehicles per hour which separately means free flow, medium flow and high traffic demands.
(b) Increasing eco-driving penetration rate: A mixed driving style tends to generate different traffic flow than a uniform driving style, especially at intersections where stop-and-go occurs frequently. Besides, the eco-drivers may force the following non-eco cars to change their behaviors and vice versa. So it is important to test the impacts of different eco-drivers penetration. The tested penetration rates of eco-drivers include: 0%, 20%, 40%, 60%, 80% and 100%.
The average vehicle fuel consumption (FC) is selected as the measure of environmental performance and average travel time (TT) is selected as the measure of traffic performance. The simulation was executed with the calibrated traffic model. In each scenario, the layout and the signal timing for intersection kept unchanged. For each traffic demand, the ecodriving penetration varied from 0% to 100% (by a step of 20%) and each scenario was simulated 7 times with different random seeds using calibrated simulation model in 3600 seconds simulation time. Therefore, a total of 126 simulations were performed. The total number of vehicles which have entered the network and every second acceleration and speed data were exported from the platform to calculate the fuel consumption in MATLAB. The results of 0% eco-driving penetration which also means normal driving are defined as the benchmark here. The results are presented in 
A. Impacts of Different Eco-driving Penetration
FIGURE II. IMPACTS OF DIFFERENT ECO-DRIVING PENETRATION
It can be seen from the Figure 2 , with the increase of ecodriving penetration, the beneficial impacts of eco-driving behavior is becoming more obvious. However, the benefits are strongly affected by different traffic demands. When traffic demand is low (e.g. 400pcu/lane/h), the fuel consumption of eco-driving has a slight increase when the eco-driving penetration is about 20%. With the continuing increase of ecodriving penetration, the improvement of fuel consumption reduction is still not significant. On the other hand, the travel time keeps increasing with the eco-driving penetration.
When traffic demand is high (e.g. 800pcu/lane/h), the reduction of both fuel consumption and travel time is significant. When the eco-driving penetration is 100%, the reductions of fuel consumption and travel time reach maximum which are 5.58% and 11.6% respectively.
B. Impacts of Different Traffic Demands
FIGURE III. IMPACTS OF DIFFERENT TRAFFIC DEMANDS
From Figure 3 , with the increase of traffic demand, the benefits of eco-driving become more and more significant. Both the fuel consumption and travel time of eco-driving have a considerable reduction compared to normal driving. However, when traffic demand is low, the effect of eco-driving is not very beneficial.
V. CONCLUSIONS
This study develops a microscopic simulation model to analyze the impacts of eco-driving behaviors on a single urban intersection. First, a field experiment with one diesel vehicle was conducted and the driving data both for normal driving and eco-driving was collected. The pre-analysis of collected data shows that the experiment has a good agreement with ecodriving rules. Then, the VISSIM simulation platform by integrating the VISSIM microscopic simulation model and fuel consumption model based on VSP was built. Finally, the impacts of eco-driving behavior under different traffic scenarios were evaluated. The main conclusions are as follows:
(a) Traffic demand has a great influence on the performance of eco-driving. When traffic demand is low, there are no significant benefits of eco-driving. When traffic demand is high, the benefits of eco-driving are much more obvious with great reduction both of fuel consumption and travel time.
(b) Eco-driving penetration is also a great influence factor for the eco-driving performance. When eco-driving penetration is low (about 20% in this study), eco-driving tends to bring negative impacts to the intersection. When eco-driving penetration continues increasing, the negative impacts gradually change to the positive impacts. The optimum is 100% with the most fuel consumption reduction in all the three scenarios.
However, this study still has some limits and must be considered in the analysis of results. Though the eco-driving behaviors are properly calibrated in the microscopic simulation model, the model does not reflect the internal mechanism of eco-driving. Because the simulation model was built with the field test data, the simulation results can only represent the situation where the traffic conditions are mostly the same as the experiment. It may not be very convincing for other traffic situations and vehicle types. Further study needs to be done to build more accurate simulation model which can replicate detailed driving operations.
